Abstract Several unidentified specimens of Curvularia deposited in the Queensland Plant Pathology Herbarium were re-examined. Phylogenetic analyses based on sequence data of the internal transcribed spacer region, partial fragments of the glyceraldehyde-3-phosphate dehydrogenase and the translation elongation factor
Introduction
Curvularia is a species-rich genus of pathogens and saprobes associated with plant, human and animals worldwide (Sivanesan 1987 , Hyde et al. 2014 , Manamgoda et al. 2015 , Marin-Felix et al. 2017a . Curvularia species have also been reported from substrates such as air (Almaguer et al. 2012 , Hargreaves et al. 2013 , aquatic environments (Verma et al. 2013 , Su et al. 2015 , Sharma et al. 2016 and soil (Manamgoda et al. 2011 , Marin-Felix et al. 2017a .
Species delimitation within Curvularia based solely on morphology is difficult as many species share similar characters and have overlapping conidial dimensions. Currently, there are 131 species of Curvularia (excluding varieties) listed in Index Fungorum (accessed on 4 January 2018). Phylogenetic studies based on multilocus sequence analyses of ex-type or reference cultures have recently delimited many cryptic species (Deng et al. 2014 , Manamgoda et al. 2014 , Manamgoda et al. 2015 , Marin-Felix et al. 2017a , 2017b . Presently, there are 81 accepted species for which taxonomic placement has been established by DNA barcodes to allow accurate identification and comparison (Marin-Felix et al. 2017a, b) .
In Australia, 64 species of Curvularia have been reported (DAF Biological Collections 2018, Farr and Rossman 2018) . Of these, 17 species were described from Australia, namely C. australiensis, C. australis, C. bothriochloae, C. crustacea, C. dactyloctenii, C. graminicola, C. harveyi, C. heteropogonis, C. micrairae, C. ovariicola, C. perotidis, C. queenslandica, C. ravenelii, C. richardiae, C. ryleyi, C. sorghina and C. tripogonis. Eight of the Australian Curvularia species were originally placed in the closely related genus, Bipolaris, before transfer to Curvularia based on molecular studies (Manamgoda et al. 2012 .
In this study, 17 unidentified isolates of Curvularia maintained in the culture collection held in the Queensland Plant Pathology Herbarium (BRIP) were compared with ex-type and reference isolates. Thirteen new species of Curvularia were revealed based on multilocus phylogenetic analyses and are formally described here. In addition, phylogenetic analyses of ex-type cultures have confirmed the placement of a Curvularia species, as well as the introduction of a new combination.
Materials and methods

Isolates and morphology
Unidentified isolates of Curvularia were obtained from BRIP (Table 1) , which retains cultures in a metabolically inactive state at -80 °C in a sterile solution of 15% v/v glycerol. In order to observe conidia and conidiophores, living cultures were grown on sterilised leaf pieces of Zea mays on modified Sachs agar and on sterilised wheat straws on water agar, incubated at room temperature (approx. 25 °C) for seven days and exposed to near ultraviolet light on a 12 h light/dark diurnal cycle (Sivanesan 1987 and conidiophores were mounted on glass slides in lactic acid (100% v/v). Images were captured with a Leica DFC 500 camera attached to a Leica DM5500B compound microscope with Nomarski differential interference contrast illumination. Conidial widths were measured at the widest part of each conidium. Means and standard deviations (SD) were calculated from at least 20 measurements. Ranges were expressed as (minimum value-) mean-SD -mean+SD (−maximum value) with values rounded to 0.5 μm. Colonies were described from 7-d-old cultures grown on potato dextrose agar (PDA) (Becton Dickinson), incubated at room temperature (approx. 25 °C) and exposed to near-ultraviolet light on a diurnal cycle. Images of the colonies and herbarium specimens were captured by an Epson Perfection V700 scanner at a 300 dpi resolution. Colour of the colonies was rated according to Rayner (1970) . Taxonomic novelties were deposited in MycoBank (http://www.MycoBank.org; Crous et al. 2004 ).
DNA isolation, amplification, and phylogenetic analyses
Isolates were grown on PDA for 7 d at room temperature (approx. 25 °C). Mycelium was scraped off the PDA cultures and macerated with 0.5 mm glass beads (Daintree Scientific) in a Tissue Lyser (Qiagen). Genomic DNA was extracted with the Gentra Puregene DNA Extraction Kit (Qiagen) according to the manufacturer's instructions. Amplification and sequencing of the internal transcribed spacer (ITS) region, glyceraldehyde-3-phosphate dehydrogenase (gapdh) and the translation elongation factor 1-alpha (tef1α) loci followed the methods by Tan et al. (2014) . All sequences generated were assembled using Geneious v. 9.1.8 (Biomatters Ltd) and deposited in GenBank (Table 1 , in bold). Sequences were aligned with selected sequences of Curvularia species obtained from GenBank (Table 1) The Maximum-Likelihood (ML) and Bayesian Inference (BI) methods were used in phylogenetic analyses as described by Tan et al. (2016) . Briefly, the ML analysis was run using RAxML v.7.2.8 (Stamatakis and Alachiotis 2010) in Geneious and started from a random tree topology. The nucleotide substitution model used was GTR with a gamma-distributed rate variation. The Markov chain Monte Carlo (MCMC) algorithm was used to create a phylogenetic tree based on Bayesian probabilities using MrBayes v.3.2.1 (Huelsenbeck and Ronquist 2001, Ronquist and Huelsenbeck 2003) in Geneious. To remove the need for a priori model testing, the MCMC analysis was set to sample across the entire general time-reversible (GTR) model space with a gamma-distributed rate variation across the sites. Ten million random trees were generated using the MCMC procedure with four chains. The sample frequency was set at 100 and the temperature of the heated chain was 0.1. Burn-in was set at 25%, after which the likelihood values were stationary. The concatenated alignment was deposited in TreeBASE (S22563).
Unique fixed nucleotide positions were used to characterise and describe two cryptic species (see applicable species notes). For each of the cryptic species that was described, the closest phylogenetic neighbour was selected ( Fig. 1 ) and this focused dataset was subjected to single nucleotide polymorphism (SNP) analysis. These SNPs were determined for each aligned locus using the Find Variation/SNPs feature in Geneious. The SNPs were determined based on a minimum variant frequency of 0.2. 
Results
Molecular phylogeny
Approximately 800 bp of the ITS region, 598 bp of the partial region of the gapdh gene and 969 bp of the partial region of the tef1α gene were sequenced from the BRIP isolates. After removing ambiguously aligned regions, the ITS, gapdh and tef1α alignments were trimmed to 474 bp, 544 bp and 867 bp, respectively. The ITS phylogeny was able to resolve 53 of 79 Curvularia species, including 10 of the new species (data not shown). The gapdh phylogeny inferred 12 new species and the tef1α phylogeny resolved all 13 of the new species (data not shown). As the topologies of the single locus phylogenies for the tree datasets did not show any conflicts, they were analysed in a concatenated alignment. The phylogenetic tree based on the concatenated alignment resolved the 17 BRIP isolates into 13 well-supported and unique clades ( Description. Colonies on PDA approx. 4 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, olivaceous black. Hyphae subhyaline, smooth to branched, septate, up to 3 μm in width. Conidiophores branched, erect, straight to flexuous, geniculate towards apex, brown, paler towards apex, smooth, septate, up to 110 μm long, 4 μm wide; basal cell swollen and darker than the other cells, up to 6 μm diam. Conidiogenous cells integrated, terminal or intercalary, sympodial, pale brown, smooth, with darkened scars. Conidia fusiform, straight to slightly curved, rounded at the apex, (14-) 26-29 (-34) × (5-) 6.5-7.5 (-9) μm, brown to dark brown, 3-7 (mostly 5)-distoseptate; hila conspicuous, slightly protuberant, thickened and darkened, 1−1.5 μm wide.
Etymology. In recognition of Dr Dean R. Beasley, an Australian plant pathologist, for his dedication and numerous innovative contributions to the curation and promotion of the Queensland Plant Pathology Herbarium (BRIP).
Additional material examined. AUSTRALIA, Queensland, Atherton, from leaf spot on Leersia hexandra, 1 May 1987, J.L. Alcorn, BRIP 15854 (includes culture).
Notes. Curvularia beasleyi is placed in the same clade as C. dactyloctenii, C. hawaiiensis and C. nodosa (Fig. 1) . Curvularia dactyloctenii and C. hawaiiensis have been recorded in Australia (Sivanesan 1987 ), but the recently described C. nodosa has only been reported from Thailand (Marin-Felix et al. 2017b) . Curvularia beasleyi is dis- tinguished in two loci from the ex-type cultures of C. dactyloctenii (99% in gapdh and 99% in tef1α), C. hawaiiensis (98% in gapdh and 99% in tef1α) and C. nodosa (99% in gapdh and 99% in tef1α). The conidia of C. beasleyi are longer than those of C. nodosa (12-25 μm, Marin-Felix et al. 2017b ) and shorter than those of C. dactyloctenii (32-55 μm, Sivanesan 1987) . Curvularia beasleyi is morphologically similar to C. hawaiiensis, however the later species has never been recorded on Leersia (Farr and Rossman 2018) .
Curvularia beasleyi is only known from Queensland on two unrelated grasses, the introduced host Chloris gayana and the native Leersia hexandra. There are many Curvularia species reported as associated with Chloris spp. (C. australiensis, C. australis, C. hawaiiensis, C. lunata, C. nodosa, C. pallescens, C. tsudae, C. variabilis, C. verruculosa) (Sivanesan 1987 , Deng et al. 2014 , Manamgoda et al. 2014 , Marin-Felix et al. 2017b and Leersia spp. Description. Colonies on PDA approx. 2 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbrillate, olivaceous black. Hyphae subhyaline, smooth to asperulate, branched, septate, 3−4 μm in width; chlamydospores intercalary in chains, 4-9 μm, smooth, thick-walled. Conidiophores erect, straight to flexuous, geniculate towards apex, subhyaline to pale brown, smooth, septate, up to 500 μm long, 5−6 μm wide. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia fusiform to subcylindrical or clavate, straight to slightly curved, rounded at the apex, (40-) 51-56 (-71) × (10-) 12-13 (-14) μm, subhyaline to pale yellowish-brown, 2-4 (mostly 3)-distoseptate; hila mostly inconspicuous or minutely thickened and darkened.
Etymology. Named after the town Beerburrum, where the holotype was collected. Additional material examined. AUSTRALIA, Queensland, Beerburrum, New South Wales, Yetman, blackened inflorescence of Eragrostis sororia, 12 May 1977, J.L. Alcorn, BRIP 12555 (includes culture).
Notes. Curvularia beerburrumensis is phylogenetically sister to C. australis and C. ovariicola (Fig. 1) , which have both been recorded in Australia on Eragrostis (Sivanesan 1987 . Curvularia beerburrumensis is distinguished from the ex-type culture of C. australis in three loci (98% in ITS, 96% in gapdh and 98% in tef1α). Furthermore, C. beerburrumensis has larger conidia than C. australis (25−48 × 9.0−12.5 μm, Sivanesan 1987) . Curvularia beerburrumensis differs from the ex-type culture of C. ovariicola in three loci (99% in ITS, 99% in gapdh and 99% in tef1α). Curvularia beerburrumensis has longer conidiophores than C. ovariicola (up to 325 μm, Sivanesan 1987) . Curvularia beerburrumensis also produced chlamydospores in culture, which are not known for C. australis and C. ovariicola.
Curvularia beerburrumensis is only known from inflorescences of the invasive South American grass Eragrostis bahiensis, as well as the Australian native E. sororia (Simon and Alfonso 2011) . Other Curvularia associated with Eragrostis include C. australis, C. clavata, C. crustacea, C. ellisii, C. eragrostidis, C. geniculata, C. kusanoi, C. lunata, C. miyakei, C. nodulosa, C. ovariicola, C. perotidis, C. protuberata, C. ravenelii and C. verrucosa, (Sivanesan 1987 , Farr and Rossman 2018 , Herbarium Catalogue 2018 , although many of these reports are yet to be verified by molecular phylogenetic analyses. Description. Colonies on PDA approx. 3 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, olivaceous green to citrine, velutinous with aerial mycelium. Hyphae subhyaline, smooth to asperulate, branched, septate, 2-3 μm in width. Conidiophores straight to flexuous, slightly geniculate towards apex, uniformly subhyaline to pale brown, smooth, septate, up to 110 μm long, 4 μm wide. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia broadly ellipsoidal to oval, brown to dark brown, smooth, (42-) 46-52 (-55) × (17-) 20-23 (-25) μm, brown to dark brown, 4-6-distoseptate, hila protuberant, thickened and darkened, 2-3 μm wide.
Type Notes. Multilocus phylogenetic analyses placed the ex-type culture of D. boeremae within the clade that includes C. lunata, the type species of the genus (Fig. 1) . Curvularia boeremae differs from C. neoindica in one locus (98% identities in gapdh). Furthermore, C. boeremae has shorter conidia than C. neoindica (27-65 μm, Manamgoda et al. 2014 ). Sivanesan's (1987) synonymy of Dreschlera boeremae with Bipolaris indica was based on similar conidial morphology and is not supported by the phylogenetic analyses in this study.
Curvularia boeremae is only known from the type specimen on P. oleraceae and has not been recorded in Australia. Curvularia portulacae is the only other species recorded on P. oleraceae (Farr and Rossman 2018) . Curvularia boeremae is morphologically distinct from C. portulacae, which has comparatively long, cylindrical conidia (average 110 × 13 μm, Rader 1948 Description. Colonies on PDA 6-7 cm diam. after 7 d at 25 °C, surface funiculose, floccose, olivaceous black at the centre, olivaceous to grey olivaceous towards the edge, margin fimbriate. Hyphae subhyaline, smooth to asperulate, septate, up to 3 μm in width. Conidiophores erect, flexuous, geniculate in the top half, uniformly brown, sometimes pale towards apex, septate, up to 190 μm long, 4 μm wide; basal cell sometimes swollen, up to 8 μm diam. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown, mono-or polytretic, with darkened nodes. Conidia ellipsoidal to obovoid, asymmetrical, sometimes the third cell from base is unequally enlarged, intermediate cells dark brown and usually verruculose, end cells paler and less ornamented than central cells, (20-) 23-26 (-30) × (7-) 8-9 (-10) μm, 3-distoseptate; hila protuberant, thickened and darkened, 1-2 μm wide.
Etymology. Named after Dr Lindel (Lindy) M. Coates, an Australian plant pathologist in recognition of her contributions to the study of post-harvest fruit pathology.
Additional material examined. AUSTRALIA, New South Wales, Alstonville, isolated from the air in a mango orchard, 11 Mar. 1991, G.I. Johnson, BRIP 24170 (includes culture).
Notes. Curvularia coatesiae is morphologically similar and phylogenetically related to a reference culture of C. borreriae and the ex-type culture of C. pallescens (Fig. 1) . Curvularia coatesiae differs from the ex-type culture of C. pallescens in three loci: ITS position 439 (T); gapdh positions 219 (C), 287 (C); tef1α positions 43 (C), 257 (C), 259 (C). Although C. borreriae and C. pallescens have been recorded in Australia, these have not been verified by molecular phylogenetic analyses and there have been no additional records beyond the 1980s (Sivanesan 1987 , Shivas 1989 uniformly pale brown to brown, smooth, septate, up to 145 μm long, 4-6 μm wide, basal cell sometimes swollen, up to 8 μm diam. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia fusiform to subcylindrical with rounded apex and obconical at the base, brown, end cells pale, (54-) 83-92 (-110) × (13-) 14-16 (-17) μm, brown to dark brown, 6-9-distoseptate; hila slightly protuberant, thickened and darkened, 1-2 μm wide.
Etymology. Named after Dr Robert (Bob) Chester Colbran , an Australian nematologist and Director of the Plant Pathology Branch, Queensland Department of Primary Industries, in recognition of his significant contributions to Australian plant pathology.
Notes. Curvularia colbranii is sister to C. boeremae, C. lamingtonensis (see this paper), C. neoindica and C. portulacae, although separated by a considerable genetic distance (Fig. 1) . Curvularia colbranii has fusiform to subcylindrical conidia that are distinct from the ellipsoidal to oval conidia of C. boeremae (42-55 × 17-25 μm, this study) and C. neoindica (27-65 × 17-27 μm, Manamgoda et al. 2014 ) and longer than those of C. lamingtonensis (45-76 × 11-14 μm, this study). Curvularia colbranii has conidia that are 6-9-distoseptate, while C. portulacae has conidia reported as 3-15 celled (Rader 1948) .
Only one other species, C. trifolii, has been reported on Crinum sp. (Shaw 1984) , but this record has not been verified by phylogenetic analyses. Curvularia colbranii is morphologically distinct from C. trifolii, which has curved conidia. Description. Colonies on PDA approx. 2 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, dark olive with white patches, velutinous with some aerial mycelium. Hyphae subhyaline, smooth, branched, septate, 4−5 μm wide; chlamydospores abundant, subglobose to ellipsoidal or irregular, terminal and intercalary, 5−20 μm diam. Conidiophores erect, straight to flexuous, slightly geniculate, pale brown to brown, paler towards apex smooth, septate, up to 145 μm long, 4−5 μm wide. Conidiogenous cells integrated, terminal or intercalary, sympodial, pale brown to brown, smooth, with darkened scars. Conidia hemi-ellipsoidal, curved, asymmetrical, brown to dark brown, end cells slightly paler, (25-) 26-30 (-34) × (9-) 13-15 (-19) μm, 3-distoseptate with a faint narrow median septum; hila non-protuberant, minutely thickened and darkened.
Curvularia eragrosticola
Etymology. Named after Eragrostis, the grass genus from which this fungus was isolated.
Notes. Curvularia eragrosticola is phylogenetically close to C. papendorfii and C. sporobolicola (see this paper) (Fig. 1) . Curvularia eragrosticola is distinguished in three loci from the ex-type culture of C. papendorfii (97% in ITS, 92% in gapdh and 98% in tef1α) and C. sporobolicola (98% in ITS, 92% in gapdh and 98% in tef1α). Curvularia eragrosticola has conidia that are smaller than C. papendorfii (30-50 × 17-30 μm, Sivanesan 1987) and C. sporobolicola (34-45 × 14-23 μm, this study).
Curvularia eragrosticola is only known from the type specimen on Eragrostis pilosa, which is native to Eurasia and Africa and is considered a troublesome weed in Australia (Simon and Alfonso 2011 Description. Colonies on PDA 3-4 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, floccose and olivaceous black at the centre with white patches, velutinous with some aerial mycelium. Hyphae hyaline, asperulate, branched, septate, 4−5 μm in width. Conidiophores erect, straight to flexuous, slightly geniculate in the upper part, pale brown to brown, sometimes paler towards the apex, verrucose, septate, up to 360 μm long, 4−5 μm wide, basal cell sometimes swollen, up to 8 μm. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia ellipsoidal to clavate to obovoid, asymmetrical, third cell from the base is unequally enlarged, brown, end cells paler, verruculose, (31-) 35-39 (-42) × (10-) 13-14 (-15) μm, 3-distoseptate, hila protuberant, thickened and darkened, 1-2 μm wide.
Etymology. Named after Dr Kenneth G. Pegg AM (member of the Order of Australia), in celebration of his 60 years of dedication to plant pathology in Australia and to thank him for his generous mentorship.
Notes. Curvularia kenpeggii is only known from the holotype specimen and is genetically distinct from all other Curvularia species (Fig. 1) . Curvularia kenpeggii is basal to a clade comprised of C. australis, C. beerburrumensis, C. crustaceae, C. miyakei, C. ovariicola, C. ravenellii and C. ryleyi. These species are mostly reported as pathogens of Eragrostis and Sporobolus spp. and not known to be associated with wheat (Triticum aestivum). Curvularia species associated with T. aestivum in Australia are C. brachyspora, C. harveyi, C. hawaiiensis, C. lunata, C. perotidis, C. ramosa and C. spicifera, (Shivas 1989, Farr and Rossman 2018) , although not all the reports have been verified by molecular phylogenetic analyses. Description. Colonies on PDA cover the whole plate after 7 d at 25 °C, surface funiculose, margin fimbriate, olivaceous green, velutinous with some aerial mycelium. Hyphae hyaline, branched, septate, 4 μm in width. Conidiophores erect, straight to flexuous, geniculate towards apex, pale brown to dark brown on wheat straw agar, septate, up to 160 μm long, 3−4 μm wide. Conidiogenous cells integrated, terminal or intercalary, sympodial, pale brown to brown, smooth, with darkened scars. Conidia ellipsoidal to fusiform, straight, pale brown, (45-) 59-66 (-76) × (11-) 11.5-13 (-14) μm, 4-11-distoseptate with inconspicuous transverse septa, hila protuberant, thickened and darkened, 1-2 μm wide.
Etymology. Named after the locality, Lamington National Park, where the holotype was collected.
Notes. Curvularia lamingtonensis is phylogenetically closely related to C. boeremae and C. neoindica. Curvularia lamingtonensis is distinguished from the ex-type culture of C. boeremae in two loci (96% in ITS and 98% in gapdh) and from the ex-type culture of C. neoindica in three loci (95% in ITS, 98% in gapdh and 99% in tef1α). Curvularia lamingtonensis has longer and straighter conidia than C. boeremae and C. neoindica, both of which have broad, ellipsoidal conidia (42-55 × 20-23 μm, and 27-65 × 17-27 μm, respectively). Curvularia lamingtonensis is only known from the type specimen on Microlaena stipoides. This is the first record of a Curvularia species associated with Microlaena. Description. Colonies on PDA approx. 5 cm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, olivaceous black with white patches, velutinous with some aerial mycelium. Hyphae hyaline to subhyaline, smooth to asperulate, septate, 3-4 μm wide. Conidiophores erect, straight to flexuous, sometimes slightly geniculate towards apex, branched, uniformly brown, paler at apex, smooth to asperulate, septate, up to 180 μm long, 4-5 μm wide. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, subhyaline to pale brown, smooth, mono-or polytretic, with darkened scars. Conidia ellipsoidal to obovoid, sometimes straight to slightly curved, rounded at the apex, (22-) 25-28 (-30) × (7-) 8-9 (-10) μm, pale brown to brown, 3-distoseptate, hila protuberant, thickened and darkened, 1-2 μm wide. Etymology. Named after the collector, Martin Mebalds, in recognition of his contributions to Australian plant pathology and biosecurity.
Curvularia mebaldsii
Additional material examined. AUSTRALIA, New South Wales, Tweed Heads, from necrotic leaf on Cynodon dactylon × transvaalensis, 10 Jun. 1983, G. Thomas, BRIP 13983 (includes culture).
Notes. The multilocus phylogenetic analyses showed that C. mebaldsii was sister to C. tsudae, although separated by a considerable genetic distance (Fig. 1) . Curvularia mebaldsii is distinguished from the ex-type culture of C. tsudae in three loci (98% in ITS, 97% in gapdh and 99% in tef1α). Morphologically, C. mebaldsii cannot be reliably separated from C. tsudae.
Curvularia mebaldsii is known from two specimens on Cynodon spp. Several Curvularia species have been associated with Cynodon, including C. aeria, C. australiensis, C. brachyspora, C. clavata, C. fallax, C. geniculata, C. hawaiiensis, C. inaequalis, C. lunata, C. pallescens, C. ramosa, C. senegalensis, C. spicata, C. spicifera and C. verruculosa (DAF Biological Collections 2018 , Farr and Rossman 2018 , Herbarium Catalogue 2018 , although these records have not been verified by phylogenetic analyses. Description. Colonies on PDA approx. 5 cm diam. after 7 d at 25 °C, surface funiculose, olivaceous black, velutinous with some aerial mycelium, margin fimbriate. Hyphae subhyaline, smooth to asperulate, septate, up to 3 μm in width. Conidiophores erect, straight to flexuous, rarely branched, slightly geniculate, uniformly brown, sometimes pale brown at apex, smooth, septate, up to 110 μm long, 4 μm wide. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia obovoid to ellipsoidal, straight to slightly curved, (15-) 17-19 (-21) × (5-) 5.5-6 (-7) μm, brown, end cells pale, 3-distoseptate, hila non-protuberant, thickened and darkened.
Curvularia petersonii
Etymology. Named after Ron A. Peterson, an Australian plant pathologist, in recognition of his contributions to tropical plant pathology.
Notes. The multilocus phylogenetic analyses placed C. petersonii sister to C. americana and C. verruculosa, although separated by a considerable genetic distance (Fig. 1) . Both C. americana and C. verruculosa have been found in Australia (DAF Biological Collections 2018 , Herbarium Catalogue 2018 . Curvularia petersonii is distinguished from the ex-type culture of C. americana in two loci (94% in ITS and 92% in gapdh) and from a reference culture of C. verruculosa in three loci (92% in ITS, 92% in gapdh and 98% in tef1α). Curvularia petersonii has smaller conidia than C. americana (13-28 × 7-15 μm, Madrid et al. 2014) and C. verruculosa (20-40 × 12-17 μm, Sivanesan 1987) .
Curvularia petersonii is only known from a single specimen on Dactyloctenium aegyptium in the Northern Territory. Many Curvularia species have been associated with Dactyloctenium, including C. clavata, C. dactyloctenicola, C. dactyloctenii, C. eragrostidis, C. lunata, C. neergaardii, C. pallenscens and C. verruculosa (Sivanesan 1987 , Manamgoda et al. 2014 , Farr and Rossman 2018 , Herbarium Catalogue 2018 , Marin-Felix et al. 2017b ), although these records have not been verified by phylogenetic analyses. Description. Colonies on PDA approx. 2 cm diam. after 7 d at 25 °C, surface dark olivaceous green. Hyphae subhyaline, smooth, septate, up to 3 μm wide. Conidiophores erect, straight to flexuous, geniculate towards apex, uniformly brown, sometimes pale brown towards apex, septate, up to 75 μm long, 5-6 μm wide, swollen at base, 8-10 μm. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia fusiform to narrowly clavate, brown, end cells sometimes paler, (65-) 94-105 (-115) × (11-) 12.5-13.5 (-14) μm, 9-13-distoseptate; hila non-protuberant, thickened and darkened.
Etymology. Named after Gregory (Greg) J. Platz, in recognition of his contributions to Australian cereal plant pathology for the past 30 years, as well as his prowess as an international and Queensland rugby league footballer.
Notes. The multilocus phylogenetic analyses indicated C. platzii was sister to C. hominis, C. meuhlenbeckiae and C. pisi (Fig. 1) . Curvularia platzii is distinguished in one locus from the ex-type culture of C. hominis (97% in tef1α) and in two loci from the reference culture of C. meuhlenbeckiae (99% in gapdh and 99% in tef1α) and the ex-type culture of C. pisi (98% in gapdh and 99% in tef1α). Curvularia platzii differs from C. hominis, C. meuhlenbeckiae and C. pisi, which have much shorter asymmetrical conidia with fewer septa , Marin-Felix et al. 2017a ).
Curvularia platzii is only known from the holotype. The host, Cenchrus clandestinus (syn. Pennisetum clandestinum), is a perennial grass with a worldwide distribution (Simon and Alfonso 2011) . Other Curvularia species associated with C. clandestinus are C. lunata, C. nodulosa and C. trifolii (Farr and Rossman 2018, Herbarium Catalogue 2017) , although these records have not been verified by phylogenetic analyses. Description. Colonies on PDA approx. 6−7 cm diam. after 7 d at 25 °C, surface funiculose, greenish-grey, velutinous with some aerial mycelium, margin fimbriate. Hyphae hyaline, branched, septate, 3−4 μm in width. Conidiophores erect, straight to flexuous, slightly geniculate towards apex, pale brown to brown, sometimes paler towards the apex, septate, up to 200 μm long, 4−5 μm wide. Conidiogenous cells integrated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia ellipsoidal to obclavate, straight, third cell from pore swollen, brown, end cells paler, smooth, (28-) 31-35 (-39) × (10-) 12-13 (-14) μm, mostly 3 septate; hila inconspicuous, sometimes darkened.
Curvularia reesii
Etymology. Named after Dr Robert (Bob) G. Rees, an Australian plant pathologist, in recognition of his extensive contributions to cereal pathology.
Notes. The multilocus phylogenetic analyses indicated C. reesii was sister to C. oryzae and C. tuberculata. Curvularia reesii is distinguished in two loci from the extype cultures of C. oryzae (98% in gapdh and 99% in tef1α) and C. tuberculata (96% in gapdh and 99% in tef1α). Morphologically, C. reesii has conidia similar in size to C. oryzae (24-40 × 12-22 μm, Sivanesan 1987) and C. tuberculata (23-52 × 13-20 μm, Sivanesan 1987 ). The isolate of C. reesii examined in this study had become sterile. Etymology. Named after Sporobolus, the grass genus from which it was isolated. Notes. Based on multilocus phylogenetic analyses, C. sporobolicola clustered sister to C. papendorfii, which are both sister to C. eragrosticola (Fig. 1) . Curvularia sporobolicola is distinguished in three loci from the ex-type cultures of C. papendorfii (99% in ITS, 96% in gapdh and 98% in tef1α) and C. eragrosticola (98% in ITS, 92% in gapdh and 98% in tef1α). These three species are similar in having dark brown, hemi-ellipsoidal, curved, conidia, which makes identification by morphology difficult. The conidia of C. sporobolicola tend to be wider than those of C. eragrosticola (25-35 × 9-19 μm, this study) and C. papendorfii (30-50 × 9-19 μm, Sivanesan 1987) .
Curvularia sporobolicola is only known from the type specimen on S. australasicus, which is a native Australian grass with a broad distribution in the tropics and subtropics (Simon and Alfonso 2011) . Other Curvularia species associated with Sporobolus include C. australis, C. crustacea, C. eragrostis, C. geniculata, C. lunata, C. ovariicola, C. pallescens, C. ravenelli and C. ryleyi (Sivanesan 1987, Farr and Rossman 2018), although Description. Colonies on PDA 6-7 mm diam. after 7 d at 25 °C, surface funiculose, margin fimbriate, olivaceous green, velutinous with some aerial mycelium. Hyphae subhyaline, smooth, septate, up to 3 μm wide. Conidiophores erect, flexuous, geniculate towards apex, uniformly pale brown to brown, septate, up to 360 μm long, 4-5 μm wide, basal cell sometimes swollen, 6-8 μm diam. Conidiogenous cells inte-grated, terminal or intercalary, with sympodial proliferation, pale brown to brown, smooth, mono-or polytretic, with darkened scars. Conidia ellipsoidal, curved, the third cell from base swollen, end cells paler, smooth, (20-) 23-26 (-28) × (8-) 9.5-11 μm, pale brown to brown, 3-distoseptate, hila conspicuous, sometimes slightly protuberant, thickened and darkened.
Etymology. Named after the locality, Warraber Island in the Torres Straits, where the specimen was collected.
Notes. Multilocus phylogenetic analyses placed C. warraberensis sister to C. caricae-papayae and C. prasadii (Fig. 1) . Curvularia warraberensis differs from the ex-type culture of C. caricae-papayae in gapdh positions 40 (C), 102 (C), 230 (A), 233 (C) and 321 (A) and from the ex-type culture of C. prasadii in two loci, gapdh positions 102 (C), 131 (C), 230 (A), 233 (C), 321 (A) and tef1α positions 214 (C), 337 (C), 542 (A), 543 (C), 685 (C). These three species belong to the lunata-clade sensu Madrid et al. (2014) , which also includes C. aeria, C. brachyspora, C. chlamydospora, C. lunata and C. pseudolunata. All the species in the lunata-clade sensu Madrid et al. (2014) have 4-celled conidia in which the third cell from the base is often swollen (unequally sided and larger) and darker than the other cells. Curvularia warraberensis has longer conidiophores than C. caricae-papayae (up to 100 μm long, Srivastava and Bilgrami 1963) and longer conidia than C. caricae-papayae (12.8-18.0 × 6-8 μm) and C. prasadii (12.8-18.0 × 6-8 μm, Mathur and Mathur 1959) .
Curvularia warraberensis is only known from the holotype. Curvularia species associated with Dactyloctenium are listed in the notes for C. petersonii.
Discussion
Although the ITS locus is the universal barcode marker for fungi (Schoch et al. 2012) , secondary loci are often essential for the accurate identification of many helminthosporioid species (Manamgoda et al. 2012 , 2016 , Stielow et al. 2015 . Hernández-Restrepo et al. 2018 . The protein-coding loci of gapdh, tef1α and RNA polymerase II second largest subunit (rpb2) have been reported as phylogenetically informative in the phylogenetic analyses of sequence data from species of Curvularia (Hernández-Restrepo et al. 2018 , Manamgoda et al. 2014 , Marin-Felix et al. 2017a , 2017b . In this study, sequences of three loci (ITS, gapdh and tef1α) from 17 cultures in BRIP were compared with those from ex-type cultures as well as published reference cultures for species of Bipolaris and Curvularia. The phylogenetic analyses of the concatenated three-locus dataset resolved the 17 BRIP isolates into 13 novel Curvularia species.
Eight Curvularia species are described here from grasses (Poaceae) exotic to Australia, namely, C. beasleyi on Chloris gayana, C. beerburrumensis on Eragrostis bahiensis, C. eragrosticola on E. pilosa, C. kenpeggii on Triticum aestivum, C. mebaldsii on Cynodon dactylon × transvaalensis, C. petersonii and C. warraberensis on Dactyloctenium aegyptium and C. platzii on Cenchrus clandestinus. Only two species were described from native Australian grasses, C. lamingtonensis on Microlaena stipoides and C. sporobolicola on Sporobolus australasicus. Two species were described from other hosts, C. coatesiae from Litchi chinensis (Sapindaceae) and C. colbranii from Crinum zeylanicum (Amaryllidaceae). One species, C. reesii, was described from an isolate obtained from an air sample. Furthermore, DNA sequences derived from ex-type cultures have supported the generic placement of C. neoindica and the transfer of Drechslera boeremae to Curvularia.
It is not known whether the species described here are pathogens, endophytes or saprobes. It is also unclear as to whether these species are native or introduced. Curvularia beasleyi and C. beerburrumensis were both isolated from a native Australian grass species, as well as an exotic host. Some grass species have been reported to be associated with multiple Curvularia species, such as Chloris and Cynodon, with nine and 15 species, respectively. Many of the published records on Chloris and Cynodon have not been verified by molecular analyses. The number of new species described from nonAustralian grasses indicates a need for a molecular-based reassessment of previous hostspecies records. The description of these species provides a foundation upon which additional sampling and accumulation of molecular data will improve knowledge of the host ranges and ecological roles of helminthosporioid fungi in Australia and overseas.
